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MODULAR REFRIGERATION SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates to a refrigeration system. The present 
invention more particularly relates to a modular refrigeration system of a type 
including a modular cooling element. The present invention also more particularly 
relates to a modular refrigeration system in the form of a temperature controlled case 
for products (such as foodstuffs) including one or more modular cooling elements for 
customizing a temperature distribution profile within the case. 

BACKGROUND 

[0002] It is well known to provide a refrigeration system including a refrigeration 
device such as a refrigerated case, refrigerator, freezer, etc., often referred to as a 
temperature controlled case for use in commercial and industrial applications 
involving the storage and/or display of objects, products and materials. For example, 
it is known to provide a refrigeration system with one or more temperature controlled 
cases for display and storage of frozen or refrigerated foods in a supermarket to 
maintain the foods at a suitable temperature (e.g. 32 to 35 deg F). In such 
applications, such refrigeration systems often are expected to maintain the 
temperature of a space within the temperature controlled case where the products 
are contained within a particular range that is suitable for the particular products, 
typically well below the room or ambient air temperature within the supermarket. 
Such known refrigeration systems will typically include a heat exchanger in the form 
of an evaporator or main heat exchanger fixedly or permanently installed within the 
refrigeration device and configured to provide a flow of a coolant such as a liquid 
secondary coolant or a direct expansion refrigerant into the cooling element to 
refrigerate (i.e. remove heat from) the space within the temperature controlled case. 
The heat exchangers typically provide cooling by "natural" convention (e.g. "gravity 
coils," etc.) or by forced convention (e.g. "fan-coils," etc.). The heat exchangers are 
usually provided in fixed locations within the temperature controlled case. For 
example, gravity coils may be provided in an upper location within the case, while 
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fan-coils may be located within a duct or flue provided above, beneath, or behind the 
case. Various known configurations of refrigeration systems (e.g. direct expansion 
refrigerant system and/or liquid secondary coolant system, etc.) are used to provide 
cooling to the heat exchangers (e.g. by supply of coolant). 

[0003] It is also well known that use of such fixedly or permanently installed heat 
exchangers provided at such generally fixed locations tends to result in a variation of 
the temperature of the products within the temperature controlled case, depending 
on the proximity of the products to certain thermal influences that tend to increase 
temperature (such as walls, doors, windows, lighting equipment, etc.) or that tend to 
decrease temperature (such as beneath gravity coils, adjacent to forced-air 
discharge devices, etc.). The variation in temperature of the products tends to result 
in certain products not being maintained at a desired temperature (e.g. either too 
warm or too cold). Typical control systems or settings for such temperature 
controlled cases tend to compensate for the variation in temperature of the products 
by reducing the temperature setting for the case so that the temperature of the 
"warmest" products is sufficiently reduced and maintained within a desired 
temperature range. However, such compensating measures tend to result in certain 
disadvantages, such as increased energy consumption, an increased frequency 
required for defrosting the cooling elements, "overcooling" of products located in 
other areas of the case, etc. 

[0004] Accordingly, it would be advantageous to provide a refrigeration system of a 
type configured to provide a more uniform temperature distribution within a 
temperature controlled case. It would also be advantageous to provide for a 
refrigeration system that provides flexibility for customizing a temperature distribution 
profile within various types of temperature controlled cases. It would further be 
advantageous to provide a refrigeration system that provides modular cooling 
elements that may be positioned to supplement the heat exchangers of a 
temperature controlled case. It would be further advantageous to provide a 
refrigeration system with modular cooling elements that are positionable for 
customizing or tailoring thermal performance in a temperature controlled case. It 
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would further be advantageous to provide a refrigeration system with modular 
cooling elements that are reconfigurable for adapting to changes in product loading, 
product combinations or changes in an operating environment for the temperature 
controlled case. It would be further advantageous to provide a refrigeration system 
that may be adapted for use with existing temperature controlled cases to provide a 
more uniform temperature distribution profile for products stored and displayed within 
the case and to provide improved thermal performance within the case. 

[0005] Accordingly, it would be advantageous to provide a refrigeration system 
with a modular cooling element having any one or more of these or other 
advantageous features. 

SUMMARY 

[0006] The present invention relates to a modular refrigeration system including a 
refrigeration device having a space configured for storage of products therein, a 
cooling system providing a coolant configured to cool the space, and at least one 
modular cooling element configured for placement at any location within the space 
and configured to receive the coolant so that a temperature distribution profile of the 
products within the space can be customized. 

[0007] The present invention also relates to a system for customizing a 
temperature distribution profile within a space of a refrigeration device and includes a 
cooling system having a first heat exchanger in a substantially fixed location and a 
coolant configured to cool the space, a second heat exchanger configured for 
selective placement at a desired location within the refrigeration device, a piping 
system configured to interface with the cooling system and the second heat 
exchanger to provide a supply of coolant to the second heat exchanger, and a 
control system configured to regulate a flow of coolant through the second heat 
exchanger. 

[0008] The present invention further relates to a temperature controlled case 
having a modular cooling system and includes a cooling system providing a coolant 
and having a main cooling element in a substantially fixed location and configured to 
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receive the coolant and provide cooling to a space within the temperature controlled 
case, at least one supplemental cooling element configured to interface with the 
cooling system and to receive a supply of the coolant, where the supplemental 
cooling element is configured to be selectively mounted at any location within the 
space so that a variation of a temperature range within the space can be 
substantially minimized. 

[0009] The present invention further relates to a method of customizing a 
temperature distribution profile within a refrigeration device having a cooling system 
and includes the steps of determining a temperature distribution profile within the 
refrigeration device provided by the cooling system, identifying at least one location 
within the refrigeration device having a temperature above a desired temperature 
range, providing a modular cooling element configured for installation at the location, 
and interconnecting the modular cooling element with the cooling system 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIGURE 1 is a schematic diagram of a front perspective view of a modular 
refrigeration system according to an exemplary embodiment. 

[0011] FIGURE 2 is a schematic diagram of a front view of a modular refrigeration 
system according to an exemplary embodiment. 

[0012] FIGURE 3 is a schematic diagram of a cross sectional view of a modular 
refrigeration system according to an exemplary embodiment. 

[0013] FIGURE 4 is a schematic diagram of a piping system for a modular 
refrigeration system according to an exemplary embodiment. 

[0014] FIGURE 5 is a schematic diagram of a piping system for a modular 
refrigeration system according to another exemplary embodiment. 

[0015] FIGURE 6 is a schematic diagram of a piping system for a modular 
refrigeration system according to a further exemplary embodiment. 
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[0016] FIGURE 7 is a schematic diagram of a piping system for a modular 
refrigeration system according to a further exemplary embodiment. 

[0017] FIGURE 8 is a schematic diagram of a piping system for a modular 
refrigeration system according to a further exemplary embodiment. 

DETAILED DESCRIPTION 

[0018] Referring to FIGURE 1, a modular refrigeration system 10 is shown 
according to an exemplary embodiment. The modular refrigeration system is shown 
schematically and described for use with a refrigeration device shown as a 
temperature controlled case of a type having an open front, vertically-oriented 
shelves, and a forced-air cooling system. However, according to other exemplary 
embodiments, the modular refrigeration system may be provided with any of a wide 
variety of other types of refrigeration devices. For example, the modular refrigeration 
system may be used with temperature controlled cases having a closed front with 
doors or other access openings provided in the rear of the case and a gravity type 
cooling coil therein, or with cases of a type having doors on the front for direct 
access to the products by consumers, or with cases having an open top and a "well" 
for storage of products, or with cases designed to provide for a "low" temperature 
(e.g. frozen) storage and display of products or for a "medium" temperature (e.g. 
chilled, refrigerated, etc.) storage and display of products. Accordingly, the 
description of the embodiments provided herein is illustrative and is intended for use 
with any of a wide variety of temperature controlled cases for both new construction 
and existing or retro-fit applications. 

[0019] Referring to the FIGURES, refrigeration system 10 is shown according to 
an exemplary embodiment and includes a temperature controlled case 12, a cooling 
system 50, 150, 250, 350 for cooling and circulating a coolant within the case 12, 
modular cooling elements 20 (e.g. heat exchanger, supplemental cooling element, 
portable cooling element, etc.), and a piping system 30, 130, 230, 330 (as shown in 
FIGURES 4-7) for circulating a coolant (e.g. a "primary coolant" such as a volatile or 
direct expansion refrigerant, a "secondary coolant" such as a liquid secondary 
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coolant configured to be chilled by a primary coolant, etc.), and a control system 70 
for controlling the operation of the case 12. The temperature controlled case 12 
includes product storage surfaces (shown schematically as including shelves 14) for 
storing and displaying products (such as foodstuffs) within the case 12 at a desired 
temperature (e.g. within a range of 32-35 degrees F, etc.) for maintaining the 
freshness, "shelf life," appearance and longevity of the products. 

[0020] The cooling system may include components of a type generally found in 
conventional type cooling systems known for use with temperature controlled cases 
(such as, for example, a compressor, a condenser, a receiver, an expansion device, 
a heat exchanger such as an evaporator, pumps, chillers, and a fan located within a 
portion of the case for circulating a flow of air over the evaporator for distribution 
within the case for cooling products). According to other embodiments, the cooling 
system may include a gravity-type cooling element such as a "gravity coil" positioned 
near a top of the interior space of the case for receiving a flow of coolant and for 
cooling air within the space through a "natural" convection air circulation pattern. 

[0021] Typical cases that are generally known within the temperature controlled 
case industry and having such conventional type cooling systems tend to provide a 
variation of thermal performance within the case that results in variation of the 
temperature of the products due to factors such as location of the products within the 
case and proximity to "cooling influences" such as the cooled air discharge devices 
and flow paths, and the cooling elements, or proximity of the products to "warming 
influences" such as openings, doors, lighting elements, side or end panels of the 
case, etc. The variation in temperature of the products resulting from certain 
products being in or adjacent to "warm spots" typically requires that certain 
components of the cooling system of the case (e.g. evaporator, cooling coils, etc.) be 
operated at a "lower" temperature in order to "draw down" the temperature of the 
warm spots so that the products are maintained at the desired temperature. Such 
practices are believed to result in "overcooling" certain products located near the 
cooling influences, and to result in reduced efficiency, increased power consumption 
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and an increased frequency or duration for defrosting cycles for the cooling system 
components. 

[0022] According to any exemplary embodiment, the modular cooling elements 20 
are intended to permit customizing or normalizing the thermal performance within the 
case 12 to provide a desired (e.g. more uniform, etc.) temperature profile of the 
products within the case 12. The modular cooling elements 20 are configured for 
placement at any suitable location within the case 12. For example, modular cooling 
elements 20 may be located at any one or more of the following locations. The 
module cooling elements 20 may be provided beneath or within shelves 14 
configured for placement of the products thereon (as shown schematically in 
FIGURES 1 through 3). The modular cooling elements 20 may be provided at 
junctions between sections of the shelves 14 (as shown schematically in FIGURE 1). 
The modular cooling elements 20 may be provided at "sides" or "ends" of the case 
and may be mounted on a surface (e.g. shown schematically as a wall 16, etc.) 
facing an interior of the case 12 or may be mounted within a wall 16 (as shown 
schematically in FIGURE 1). According to any preferred embodiment the modular 
cooling elements 20 may be provided at any suitable location within the case 12 (e.g. 
deck pans, end panels, product stops, flues, etc.) to enhance the thermal 
performance of the case and to provide a more uniform temperature distribution 
profile of the products within the case. 

[0023] According to one exemplary embodiment, the location of the modular 
cooling elements can be established during initial design, prototyping or construction 
of "new" cases, for example, by experimentation and monitoring the temperature of 
actual or "simulated" products at various locations within the case for use with 
various types of products (e.g. meat, poultry, fish, dairy products, precooked meals, 
produce, chilled beverages, etc.) to determine the temperature profile characteristics 
within the case. Determination of the temperature profile characteristics within the 
case permits positioning a modular cooling element having a suitable size and shape 
at a strategic location to provide a desired temperature for the products. According 
to another exemplary embodiment, the modular cooling elements may be installed at 
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suitable locations within an "existing" case that is "in-service" in a facility such as a 
supermarket, etc. (e.g. as a retrofit, upgrade, enhancement, modification, etc.). 

[0024] The modular cooling elements 20 may be configured in any suitable shape 
and size for use in providing cooling at a "localized" portion of the case 12. 
According to an exemplary embodiment, the modular cooling elements 20 are 
configured as generally "planar" elements having a relatively "low profile" to remain 
relatively unobtrusive or to "fit" within walls 16, shelves 14 or other components 
within the case 12, and adapted to fit along or within any suitable surface (shelf, wall, 
end panel, etc.) within the case 12. The modular cooling elements 20 are adapted to 
receive a flow of a coolant therethrough to provide cooling at the locations where the 
modular cooling elements are installed. 

[0025] The modular cooling elements may be provided as a "coil" or other suitable 
pattern of tubing and may include "fins" or other suitable structure for enhancing the 
cooling effect within the case. The modular cooling elements may also be provided 
as "plate" type heat exchangers, or "microchannel" type heat exchangers or may be 
provided as flat panels (e.g. pans, etc.) having a pattern of passages formed therein 
for circulating a coolant therethrough. The size and capacity of the modular cooling 
elements may be varied to provide the desired amount of cooling at a particular 
location. Coupling of the modular cooling elements to other components within the 
case may be accomplished by any suitable method, such as conventional fasteners, 
adhesives, placement within suitably sized recesses, encapsulation within walls, 
shelves, panels or other components within the case. The modular cooling elements 
may be provided with an appearance, trim or "finish" intended to improve the 
aesthetics and compatibility of the modular cooling elements with the appearance of 
the case, such as by "matching" materials or colors (e.g. coated with epoxy or other 
suitable material, stainless steel, painted, wood-grain finish, etc.). 

[0026] According to an alternative embodiment, the modular cooling elements may 
have any other suitable shape. For example, the modular cooling elements may be 
"angled" or "bent" for use in corners or other junctions of components within the 
case, or may be "curved" to conform or 'fit" specific contours within the case. 
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Accordingly, the modular cooling elements may have any suitable shape adapted to 
fit conveniently within any suitable location within the case. 

[0027] According to any exemplary embodiment, the modular cooling elements 20 
are provided in any suitable shape and size to "fit" a desired location within the case. 
The modular cooling elements 20 are intended to "supplement" the cooling provided 
within the case 12 by the cooling system and can be removed or reconfigured (e.g. 
portable, interchangeable, etc.) within the case 12 to adapt to changes in the thermal 
performance characteristics of the case. The modular cooling elements 20 are 
intended to permit "customizing" or "tailoring" the thermal performance of a particular 
type of case or case geometry, and for use with particular products or combinations 
of products within a case. The flexibility provided by the capability to provide 
modular cooling elements at certain "localized" locations within the case is intended 
to improve the thermal performance of the case and to provide a desired (e.g. more 
uniform or normalized) temperature distribution of products within the case. It is 
believed that establishing a more uniform temperature profile within the case tends 
to minimize the need for the existing practice of reducing the overall temperature of 
the case to compensate for "warm" spots. The ability to compensate for "warm" 
spots without reducing the overall temperature within the case is intended to permit 
"floating" or "raising" the temperature of the case provided by the cooling system 
"upward" by a certain amount and is believed to enhance the longevity of products 
stored and displayed within the case. The ability to raise the overall operating 
temperature for certain cases is also believed to reduce the frequency and/or 
duration at which defrosting of the evaporator, gravity coil or other cooling elements 
within the case is required, and is also believed to improve the efficiency of the case 
and to reduce the overall energy consumption required for operation of the case. In 
particular, the ability to reduce defrosting frequency and/or duration tends to reduce 
the required cooling load by minimizing the addition of heat to the case and to 
reduce energy consumption (such as for cases operated with electric defrosting 
elements). The ability to "float" or raise the overall case temperature upward is 
believed to further reduce the energy consumption of the case and to improve overall 
efficiency. 
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[0028] The piping system is intended to provide a flow of coolant from a coolant 
supply source to the modular cooling elements. The coolant supply source may be a 
separate coolant supply source (not shown), or may be provided by the cooling 
system for the case. According to an exemplary embodiment, the coolant supply 
source is the cooling system for the case and the piping system circulates a coolant 
between the cooling system and the modular cooling element(s). The piping system 
includes suitable conduits (e.g. piping, tubing, hoses, etc.) for providing a supply and 
return flow path between the cooling system and the modular cooling element(s). 
Suitable connecting devices (e.g. quick-disconnects, couplings, unions, etc.) are 
provided with the piping system for interfacing or interconnecting the piping system 
with the cooling system and the modular cooling device(s). The piping system also 
includes suitable flow regulating devices (e.g. any one or more of orifices, valves 
such as solenoid valves, balance valves, on-off devices, flow regulating valves, 
pressure regulating valves, and expansion devices). 

[0029] Referring to FIGURE 4, a piping system 30 for use with modular cooling 
elements 20 (shown schematically as two modular cooling elements) and a direct- 
expansion refrigerant type cooling system 50 for a case 12 is shown according to an 
exemplary embodiment. Piping system 30 includes branch supply lines 32 (shown 
schematically as two branch supply lines) connected to an "upstream" side of an 
evaporator 52 of the cooling system 50 and routed to modular cooling elements 20, 
and branch return lines 34 (shown schematically as two branch return lines) 
interconnecting the modular cooling elements 20 and a "downstream" side of the 
evaporator 52. The cooling system 50 includes a control valve 54 (such as a liquid 
solenoid valve, on-off device, etc.) and an expansion device 56 (such as an 
electronic or thermostatic expansion valve, etc.) for providing the refrigerant to the 
modular cooling elements 20. A control valve 58 (such as a solenoid valve, pressure 
regulating valve, etc.) is provided on the cooling system 50 "downstream" of the 
branch return lines 34 to control, balance or regulate the flow of the refrigerant 
through the modular cooling elements 20. According to an alternative embodiment, 
any suitable number of branch supply and return lines may be provided to circulate 
the refrigerant to any number of modular cooling elements provided within the case, 
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or to accommodate the addition of other modular cooling elements at a future time 
(e.g. when product type or loading conditions within the case are changed or 
modified, etc.). 

[0030] Referring to FIGURE 5, a piping system 130 for use with modular cooling 
elements 20 (shown schematically as two modular cooling elements) and a liquid 
secondary coolant type cooling system 150 for a case 12 is shown according to an 
exemplary embodiment. Piping system 130 includes branch supply lines 132 
(shown schematically as two branch supply lines) connected to an "upstream" side of 
a main heat exchanger 152 of the cooling system 150 and routed to modular cooling 
elements 20, and includes branch return lines 134 (shown schematically as two 
branch return lines) interconnecting the modular cooling elements 20 and a 
"downstream" side of the main heat exchanger 152. The piping system 130 includes 
connection devices 160 (e.g. quick disconnect, etc.) for coupling the branch supply 
lines 132 and the branch return lines 134 to the cooling system 150. A control valve 
158 (such as a solenoid valve, on-off device or flow regulating device or valve, etc.) 
is provided on the cooling system 150 "downstream" of the branch return lines 134 to 
control, balance or regulate the flow of the secondary coolant through the modular 
cooling elements 20. According to an alternative embodiment, any suitable number 
of branch supply and return lines may be provided to circulate a secondary coolant 
to any number of modular cooling elements provided within the case, or to 
accommodate the addition of other modular cooling elements at a future time (e.g. 
when product type or loading conditions within the case are changed or modified, 
etc.). 

[0031] Referring to FIGURE 6, a piping system 230 for use with independent 
control of modular cooling elements 20 (shown schematically as two modular cooling 
elements) and a direct-expansion refrigerant type cooling system 250 for a case 12 
is shown according to an exemplary embodiment. Piping system 230 includes a 
branch supply header 232 and branch supply lines 234 (shown schematically as two 
branch supply lines) connected to an "upstream" side of an evaporator 252 of the 
cooling system 250 and routed to modular cooling elements 20, and includes a 
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branch return header 238 and branch return lines 236 (shown schematically as two 
branch return lines) interconnecting the modular cooling elements 20 and a 
"downstream" side of evaporator 252. The branch supply header 232 includes a 
control valve 240 (such as a liquid solenoid valve, on-off device, etc.) and an 
expansion device 242 (such as an electronic or thermostatic expansion valve, etc.) 
for providing the refrigerant to the modular cooling elements 20. Each branch supply 
line 234 also includes a control valve 244 and an expansion device 246 for providing 
the refrigerant to each modular cooling element 20. A control valve 248 (such as a 
solenoid valve, pressure regulating valve, etc.) is provided on each branch return line 
236 to control, balance or regulate the flow of refrigerant through each modular 
cooling element 20 and a control valve 249 (such as a solenoid valve, pressure 
regulating valve, etc.) is provided on the branch return header 238 to control, 
balance or regulate the flow of the refrigerant from the piping system 230. According 
to an alternative embodiment, any suitable number of branch supply and return lines 
may be provided to circulate fluid to any number of modular cooling elements 
provided within the case, or to accommodate the addition of other modular cooling 
elements at a future time (e.g. when product types or loading conditions within the 
case are changed or modified, etc.). 

[0032] Referring to FIGURE 7, a piping system 330 for use with independent 
control of modular cooling elements 20 (shown schematically as two modular cooling 
elements) and a liquid secondary coolant type cooling system 350 for a case is 
shown according to an exemplary embodiment. Piping system 330 includes a 
branch supply header 332 and branch supply lines 334 (shown schematically as two 
branch supply lines) connected to an "upstream" side of a main heat exchanger 352 
of the cooling system 350 and routed to modular cooling elements 20, and a branch 
return header 338 and branch return lines 336 (shown schematically as two branch 
return lines) interconnecting the modular cooling elements 20 and a "downstream" 
side of the main heat exchanger 352. The branch supply lines 334 and branch 
return lines 336 include connection devices 360 (e.g. quick disconnects, etc.) for 
coupling the branch supply and return lines to the branch supply and return headers. 
A control valve 342 (such as a solenoid valve, flow regulating valve, etc.) is provided 
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on each branch return line 336 to control the flow of secondary coolant through each 
modular cooling element 20 and a control valve 344 (such as a solenoid valve, flow 
regulating valve, etc.) is provided on the branch return header 338 to control, 
balance or regulate the flow of the secondary coolant from the piping system 330 to 
the cooling system 350. According to an alternative embodiment, any suitable 
number of branch supply and return lines may be provided to circulate secondary 
coolant to any number of modular cooling elements provided within the case, or to 
accommodate the addition of other modular cooling elements at a future time (e.g. 
when product types or loading conditions within the case are changed or modified, 
etc.). 

[0033] Referring further to FIGURE 7, the piping system may also include a fluid 
moving device (shown schematically, for example, as a pump 370, etc.) according to 
an exemplary embodiment. Pump 370 may be provided at any suitable location 
within the cooling system or piping system (shown schematically as located on 
branch supply header 332) and is intended to provide for additional pressure and/or 
flow of the secondary coolant. Pump 370 may be provided to obtain a desired flow 
rate of secondary coolant throughout a piping system interconnecting a single 
modular cooling element, or a "network" of multiple modular cooling elements. 
According to any exemplary embodiment, the pump is located and sized to provide 
the desired flow rate of secondary coolant required to achieve a desired cooling rate 
at the modular cooling element(s) and to address certain factors such as pressure 
drop associated with the piping system and the modular cooling elements. 

[0034] Referring to FIGURE 8, the modular cooling elements of the modular 
refrigeration system may be reconfigured to provide warming to certain locations in a 
refrigeration device. For example, the piping system and one or more modular 
cooling elements (operating as "modular warming elements" 22) may be configured 
to provide warming to certain areas within case 12, such as locations where cooling 
influences produce "cold spots" that may not be sufficiently resolved by "floating" or 
raising the overall operating temperature of the case. A modular warming element 
22 may be located at such cold spots and the flow of secondary coolant is shown 
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schematically to be diverted or routed by the piping system 430 (e.g. a branch supply 
line 434, etc.) through a warming source 424 to warm the secondary coolant for 
circulation through the warming element 22. The warming source may be any 
suitable heat exchanger configured to transfer heat to the secondary coolant from 
any available source (e.g. "hot" refrigerant gas, ambient air within the facility, etc.) 
The piping system 430 is shown including a warming line 436 configured to direct 
secondary coolant from branch supply line 434 through warming source 424 to the 
modular warming element 22. One or more valves (shown as valves 426 and 428) 
are configured to direct the secondary coolant to the warming source when warming 
is desired at the modular warming element, and to bypass the warming source when 
warming at the modular warming source is not desired. According to any exemplary 
embodiment, any one or more modular warming elements may be used in 
combination with any one or more modular cooling elements in the case to 
customize a temperature profile within the case. 

[0035] According to any exemplary embodiment, a control system 70 is provided to 
control the operation of the refrigeration system and to control and/or regulate the 
flow of coolant to the modular cooling elements 20. The control system 70 may 
include temperature sensors positioned within the case (e.g. at end or side panels, at 
upper and lower locations, along shelves or other components, or adjacent to 
products to provide a signal representative of a temperature at a particular location 
within the case and to operate the appropriate coolant regulating devices (e.g. 
control valves, expansion devices, etc.) to initiate, terminate or otherwise regulate 
the flow of coolant to the modular control element(s). The control system 70 may 
include a microprocessor or other suitable device having a pre-established or 
adaptable control scheme for monitoring signals representative of temperature 
provided by the temperature sensors and initiating actions at appropriate times to 
control the operation of the modular cooling element(s). The control system may 
also have other elements (e.g. timers, etc.) for controlling defrost operations of the 
cooling system and the modular cooling element(s) and for monitoring the 
consumption of energy by the case. The control system may also be configured to 
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provide indications (e.g. alarms, signals, etc.) when conditions are present in the 
case that call for attention (e.g. corrective action, maintenance, recalibration, etc.). 

[0036] According to any preferred embodiment, the modular refrigeration system 
provides a cooling element that is configured for installation at any suitable location 
within a refrigeration device such as a temperature controlled case to provide 
"localized" cooling and to permit "customizing" the thermal performance of the case 
such as to provide a more uniform temperature distribution profile of products within 
the case. The modular cooling elements may be provided in any suitable shape, 
size, and appearance and with any suitable capacity to improve or enhance the 
thermal performance of "new" cases or of "existing" cases. The modular cooling 
elements can be selectively installed, removed, relocated or reconfigured within the 
case to adapt to changes in an operating environment of the case, performance of 
the case, or to changes or modifications in product type or loading configurations 
within the case. The modular cooling elements may be mounted or otherwise 
attached within the case using any suitable connection devices such as fasteners, 
adhesives, magnetic attraction, hook-and-loop fasteners, brackets, interference fit, 
clips, etc. The piping system is configured for adaptation with any type of cooling 
system provided for the case and includes suitable connection devices and coolant 
flow regulating devices to circulate the coolant to the modular cooling elements. The 
piping system may comprise any suitable hardware such as piping, tubing, flexible or 
rigid hoses, quick disconnects or other coupling devices. The control system 
includes suitable sensors and operating hardware and/or software to operate and 
control the case and regulate a flow of coolant to the modular cooling elements, so 
that a desired (e.g. more uniform, etc.) temperature distribution profile can be 
established within the case. 

[0037] According to other alternative embodiments, the modular refrigeration 
system may be configured for use with a refrigerator, a freezer, a cold storage room, 
walk-in freezer, etc. In further alternative embodiments, the modular refrigeration 
system may used with an open storage or display device such as "reach-in" type 
coolers that may have a fan or other device for creating an "air curtain" of cooled air 
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that creates a boundary between warmer ambient air and the cooled space in which 
the products are stored and/or displayed. According to other exemplary 
embodiments, the flow regulating devices (e.g. valves, etc.) and/or manifolds or 
headers (e.g. providing a coolant supply to the cooling elements) for the system may 
be installed within a case (e.g. structure) or may be external to the case. 

[0038] It is important to note that the construction and arrangement of the 
elements of the modular refrigeration system provided herein are illustrative only. 
Although only a few exemplary embodiments of the present inventions have been 
described in detail in this disclosure, those skilled in the art who review this 
disclosure will readily appreciate that many modifications are possible in these 
embodiments (such as variations in features such as components, formulations of 
coolant compositions, heat sources, orientation and configuration of the modular 
cooling elements, piping system components, capacities and locations of the 
modular cooling elements, the location of components and sensors of the cooling 
system and control system; variations in sizes, structures, shapes, dimensions and 
proportions of the components of the system, use of materials, colors, combinations 
of shapes, etc.) without materially departing from the novel teachings and 
advantages of the inventions. For example, closed or open space refrigeration 
devices may be used having either horizontal or vertical access openings, and the 
modular cooling elements may be provided in any number, size, shape, orientation 
and arrangement to suit a particular refrigeration system. Locations for the modular 
cooling elements may be determined empirically or predetermined based on 
operating assumptions relating to the intended use or application of the refrigeration 
device. According to other alternative embodiments, the modular refrigeration 
system may be used with any device using a refrigerant or a liquid coolant, or a 
combination of a refrigerant and a liquid coolant, for transferring heat from one space 
to be cooled to another space or source designed to receive the rejected heat and 
may include commercial, institutional or residential refrigeration systems. Further, it 
is readily apparent that variations of the modular refrigeration system and its 
components and elements may be provided in a wide variety of types, shapes, sizes 
and performance characteristics, or provided in various locations within the case or 
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refrigeration device. Accordingly, all such modifications are intended to be within the 
scope of the inventions. 

[0039] The order or sequence of any process or method steps may be varied or re- 
sequenced according to alternative embodiments. In the claims, any means-plus- 
function clause is intended to cover the structures described herein as performing 
the recited function and not only structural equivalents but also equivalent structures. 
Other substitutions, modifications, changes and omissions may be made in the 
design, operating configuration and arrangement of the preferred and other 
exemplary embodiments without departing from the spirit of the inventions as 
expressed in the appended claims. 
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